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ABSTRACT
Yeasts of genera Saccharomyces are efficient biosorbents for heavy metal ions. The aim of this study was to 
identify if the free amino acids present in brewer yeast are involved in metal biosorption due to their capacity to 
coordinate metal ions.
As biosorbent was used non-living brewer’s yeast type Saccharomices cerevisae at 0.5% yeast dose. Copper, 
lead and zinc solution of 1mg/L concentrations were prepared using their salts. The experiments were conducted 
at three pH level (3.5; 5; 6). The amino acids were identified by HPLC chromatography and FT-IR spectroscopy. 
The experiments were conducted by mixing metals solution with yeast and shaken at a constant speed of 120 rpm 
at 200C for 120 minute. The samples were centrifugated at 2500 rpm for 15 minute and the pellet were analysed 
for amino acids identification. The amino acids extraction from pellets were performed using two solvent types: 
HCl 0.05M/ethanol and HCl 0.05M/water. The HPLC analysis was performed using a C-18 column and a mixture of 
K2HPO4 50mM/ acetonitrile solution as mobile phase in gradient conditions. The FT-IR spectra of samples extracts 
were recorded with Shimadzu IR-Prestige spectrophotometer.
The amino acids identified by HPLC method were Glu, Arg, Ala, Gly, Lys, Hys, Met, Threo and their profile 
differs according with extraction solvent used and the pH of the pellets. Best results were obtained with HCl/
water system and the appropriate pH for metal biosorption was 6. In the FT-IR spectra information about metal 
coordination were obtained by comparing the IR amino acids frequencies from control extract with the samples. 
The presence of shifted absorption band demonstrated the involvement of amino acids by their NH2 and COOH 
groups in metals coordination. Keywords: amino acids, biosorption, brewer yeast, heavy metals
INTRODUCTION
Biosorption can be defined as the selective 
sequestering of metal soluble species that result 
in the immobilization of the metals by microbial 
cells. Biosorption is a process with some unique 
characteristics. It can effectively sequester 
dissolved metals from very dilute complex 
solutions with high efficiency. This makes 
biosorption an ideal candidate for the treatment 
of high volume low concentration complex waste-
waters [1, 2].
The selective sequestering of metal soluble 
species that result in the immobilization of the 
metals by microbial cells is defined as biosorption. 
It refers to physicochemical mechanisms of 
inactive (i.e. non-metabolic) metal uptake by 
microbial biomass [3]. Metal sequestering by 
different parts of the cell can occur via various 
processes: complexation, chelation, coordination, 
ion exchange, precipitation, reduction [4, 5]. 
Immobilization may be the result of more than 
one mechanism, for example, metal complexation 
may be followed by metal reduction or metal 
precipitation.
Metabolically active and inactive cells behave 
in different ways. Thus inactive microbial cells can 
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only immobilize metals by biosorption, whereas 
active microbial cells may immobilize soluble 
metal species both by biosorption and by other 
mechanisms that are part of and/or are due to the 
microbial metabolism [6].
The cell wall is usually the first cellular 
structure that comes in contact with the soluble 
metal species in the extracellular environment, 
if the possibility of interaction and retention of 
metal species by extracellular excretions produced 
by some microbial cells is excluded [7].
Fungal cell walls are typically composed of 
the polysaccharides chitin and cellulose, and the 
cell walls of algae and plants are composed mainly 
of the polysaccharide cellulose [8].
Proteins, amino acids, polysaccharides and 
nucleic acids [9, 10] are the major polymer groups 
ubiquitous in the living world, being found in all 
members of the animal, plant, and microorganism 
groups.
These biopolymers, constituents of the 
cell wall and the other parts of the cell possess 
functional groups that have a significant potential 
for metal binding [11].
Metal uptake by non-living cells is mainly a 
passive biosorption and consist in an adsorption 
of metal ions to the cells surface by interactions 
between metal and functional groups displayed on 
the surface of the cells [12].
Brewer’s yeast is made from a one-celled fungus called Saccharomyces cerevisiae and is 
used to make beer. It also can be grown to make 
nutritional supplements. Brewer’s yeast is a 
rich source of minerals, especially chromium, 
an essential trace mineral that helps the body 
maintain normal blood sugar levels, selenium, 
amino acids, protein and the B-complex vitamins 
[13, 14].
The yeast biomass has been successfully used 
as biosorbent for removal of Ag, Au, Cd, Co, Cr, Cu, 
Ni, Pb, U, Th and Zn from aqueous solution. Yeasts of genera Saccharomyces, Candida, Pichia are 
efficient biosorbents for heavy metal ions. Most of 
yeasts can bond a wide range of metal ions or be 
strictly specific in respect of only one metal ion. A 
number of literatures have proved that S. cerevisiae 
can remove toxic metals, recover precious metals 
and clean radionuclides from aqueous solutions to 
various extents [15, 16, 17, 18, 19, 20].
MATERIALS AND METHODS 
Saccharomices cerevisae biomass was supplied 
as a lyophilized by-product from industrial 
ethanol production. Prior use as a biosorbent, 
the biomass was pretreated in order to remove 
fine particles and to displace any metals already 
bound to the sorption sites. The waste biomass as 
washed with deionized water by stirring followed 
by centrifugation at 3000 rpm for 20 minutes. The 
supernatant was discarded and the pellet was 
reslurried in deionized water. The procedure was 
repeated for three times until the supernantant 
was clear.
Metals solution were prepared using the mixture of their salts CuSO4·5H2O, PbNO3·2H2O, 
ZnSO4 of analytical reagent grade. The 
concentrations of metals ions established were 
1 mg/L for Cu2+, Zn2+, Pb2+ and were obtained by 
dissolving the appropriate salts in deionized water.
Experimental procedure:
Metal ion binding experiments were 
performed  by incubation of 25 mg biomass 
(dry weight) with 50 ml mixture of metals ions-
containing solution in 125-ml Erlenmeyer flask 
on an orbital rotary shaker at 120 rpm for 120 
minutes. The experiment was conducted at three 
pH values: 3.5; 5 and 6 and were established by 
adjusting it with HCl 0.1M or NaOH 0.1M solutions.
In order to identify the free amino acids from 
biomass by HPLC chromatography and FT-IR 
spectroscopy the samples were centrifugated at 
2500 rpm for 15 minutes, the supernatant was 
discarded and the pellets were analysed.
The free amino acids were extracted from the 
pellets using two types of solutions: HCl 0,05M/
ethanol 80% (v/v) 1/1 and HCl 0,05M/deionized 
water (v/v) 1/1.
The extracts obtained were injected into the 
HPLC system. The HPLC analyses were carried out 
on the Agilent 1200 system with a UV-Vis detector, 
using a reverse phase Ultra Aqueous C18 column 
(150 x 4.6 mm), 5 μm. A gradient mobile phase 
was used: K2HPO4  50mM /ACN, where acetonitrile 
concentration range between 5% and 50% in a 
20 minutes intervals with a flow rate of 0.5 mL/
minute. All chromatograms were monitored at 
240 nm. 
The HPLC peaks were identified by using 
parallel HPLC runs with amino acids standard 
solutions at 1mg/ml concentration in HCl 0,05M /
ethanol 1/1 solution [21].
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FT-IR analysis was performed using the 
same extracts prepared for HPLC and also 
biomass powder. For this analysis it was used a 
Shimadzu IR Prestige 21 device with a Horizontal 
Attenuated Total Reflectance Accessory for FTIR 
Spectrometers and the domain recorded for amino 
acids acid was 700-4500 cm-1.
RESULTS AND DISCUSSIONS
HPLC Chromatography
The absorption mechanisms of metals are 
different and depends on cellular metabolism. In 
non-living brewer yeast this mechanism is one of 
physical-chemical interaction between metal ions 
and some functional groups, especially amino and 
carboxyl.
The aim of this study was to establish the 
amino acids from brewer yeast involvement in 
metal ions biosorption, as it is known that amino 
and carboxyl groups could be responsible for 
complexation depending on pH intervals and 
metal:ligand ratio. In the HPLC chromatograms 
these involvement could be observed by changing 
the absorption intensities between amino acids 
from brewer yeast control and brewer yeast 
charged with metal ions by biosorption.The standard solutions of amino acids used 
for analysis were selected according with the 
literature data regarding the presence of these 
compounds in brewer yeast [21]. The main amino 
acids present in brewer yeast and identified were: 
Glutamic acid (Glu), Lysine (lys), Arginine (Arg), 
Methionine (Met), Alanine (Ala), Glycine (Gly), 
Threonine (Threo) and Hystidine (Hys).
The separation and identification of amino 
acids were performed on brewer yeast uncharged 
with metal ions (control) and brewer yeast 
charged with metal ions after their biosorption at 
different pH values. The solvents extraction used 
were HCl 0,05M/ethanol 80% solution and HCl 
0,05M/deionized water solution. The results are 
presented in Table 1 and Figures 1 and 2.
Tab.1. Amino acids identified in brewer yeast uncharged with metal ions using two different extraction solvents 
Nr. Amino acid tR (min.) Standards mixture solution tR (min) Control (water extraction) tR (min.)Control (ethanol extraction)1 Glu 3.25 3.3 3.132 Lys 3.77 3.72 3.703 Arg 4.02 3.97 3.954 Met 4.74 4.82 -5 Ala 5.61 5.53 5.236 Gly+Threo 8.09 8.26 8.167 Hys 12.06 12.62 12.36
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Fig.1. HPLC chromatogram of amino acids 
from brewer yeast uncharged with metal ions 
(HCl 0.05M/water extraction)
Fig. 2. HPLC chromatogram of amino acids 
from brewer yeast uncharged with metal ions 
(HCl 0.05M/ethanol extraction)
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As it can be observed (Fig.1 and Fig.2) in 
brewer yeast sample where it was used ethanol 
for amino acids extraction the peak assigned to 
methionine overlap the next peak corresponding 
to alanine due to an inefficient separation. 
There are also some unidentified peaks in both 
chromatograms.
The next figures show the differences between 
solvents extraction at different values of pH.
The better amino acids separation were 
obtained using acidulated water extraction 
at all three different pH value. The profile of 
chromatograms are different between control 
brewer yeast and samples charged with metal 
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Fig.3.a), b), c) HPLC chromatograms of  amino acids from brewer yeast charged with metal ions 
after extraction at different pH value and different solvent
Tab. 2. Amino acids identified in brewer yeast charged with metal ions at different pH values using 
acidulated water as solvent extraction
Nr. Amino acid tR (min.)Control tR (min.)Sample 
pH=3.5
tR (min.)
Sample
 pH=5
tR (min.)
Sample
pH=61 Glu 3.3 3.20 3.25 3.272 Lys 3.72 3.73 3.77 3.763 Arg 3.97 3.96 3.96 3.904 Met 4.82 4.80 4.83 4.885 Ala 5.63 5.55 5.60 5.626 Gly+Threo 8.26 8.14 8.09 8.107 Hys 12.62 - - -
225
Bulletin UASVM Agriculture 72 (1) / 2015
Amino Acids in Brewer’s Yeast Involved in Heavy Metal Biosorption from Waste Water
ions due to the absorption of copper, zinc and lead 
after incubation. It is supposed that amino acids 
from brewer yeast has the capacity to coordinate 
these metal ions and the complexes resulted have 
different retention times and absorbance intensity than free amino acids as it can be seen in the next 
tables.
From the data above it can be presumed that 
pH=6 is appropriate for metals biosorption, thus 
some amino acids ( Arg, Met, Ala, Gly, Threo) are 
involved in metal coordination and have changed 
their intensity absorption capacity. Amino 
acids content could be affected by autolysis and 
fermentation conditions like time, temperature, 
pH, moisture content [22]. 
FT-IR Spectroscopy
In order to identify the free amino acids and 
their possible complexes with Cu, Zn and Pb the 
usual method is to assign the absorption IR bands 
Tab. 4. FT-IR spectral data (cm-1)
Band Control
powder
Powder
pH 3,5
Powder
pH 5
Powder
pH 6
Controlextract Extract pH 3,5 Extract pH 5 Extract pH 6
δ (N-H) 1563 1555 1566 1571 1551 1547 1560 1566
ν (C=O) 1610 1603 1622 1631 1648 1640 1655 1659
The comparative FT-IR spectra are presented in figures 4 and 5.
500 1000 1500 2000 2500 3000 3500 4000 4500
0,00
0,05
0,10
0,15
0,20
0,25
0,30
0,35
 2-Brewer powder pH=3.5
 4-Brewer powder pH=6
 3-Brewer powder pH=5
 1-Brewer powder control
Ab
so
rb
an
ce
Wavenumber (cm-1)
3
4
12
500 1000 1500 2000 2500 3000 3500 4000 4500
0,0
0,1
0,2
 4-Extract pH=6
 1-Extract Control
 2-Extract pH=3.5
 3-Extract pH=5
Ab
so
rb
an
ce
Wavenumber(cm-1)
1 2
3
4
Fig. 4. The FT-IR spectra of amino acids from 
brewer yeast powder
Fig. 5. The FT-IR spectra of amino acids extracted 
in acidulated water from brewer yeast powder
Tab. 3. Amino acids identified in brewer yeast charged with metal ions at different pH values using HCl/ethanol as solvent extraction
Nr. Amino acid tR (min.)Control tR (min.)Sample 
pH=3.5
tR (min.)
Sample
pH=5
tR (min.)
Sample
pH=61 Glu 3.13 - 3.33 3.372 Lys 3.70 3.60 3.60 3.623 Arg 3.95 3.96 3.99 -4 Met - 4.94 4.97 -5 Ala 5.23 5.17 5.09 -6 Gly+Threo 8.16 8.14 7.99 -7 Hys 12.36 12.01 12.06 12.2
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of the main groups: amino (–NH2) and carboxyl 
(-COOH).
The aim of this experiment was to compare 
the IR absorption bands specific for amino acids 
from brewer yeast uncharged with metal ions 
(control) with the IR absorption bands of the 
samples at different pH values. If these bands 
appear to be shifted toward higher frequencies in 
the samples spectra comparing with the control, it 
can be concluded that these groups are involved in 
the complex formation with metal ions [23].
In the FT-IR spectra of amino acids molecules 
must be assigned the next frequencies:
δ (N-H) asymmetric and symmetric bending vibration 
ν (C=O) asymmetric and symmetric stretching 
vibrations.
The next table summarize the results from the 
FT-IR spectra recorded.
According to the data presented it can be 
concluded that amino acids from brewer yeast 
could be involved in metal biosorption due to the 
shifting and splitting of the amino and carboxyl 
groups vibrations. 
The ν (C=O) stretching vibration is shifted 
toward higher frequencies in the spectra of samples 
at pH 5 and 6 which involves the carboxylic group 
in covalent bonding to the metal ions [24]. 
The involvement of –NH2 group to the metal 
bonding was assigned to shifting of the δ (N-H) 
asymmetric and symmetric bending vibration to 
the higher frequencies in the complexes spectra 
of samples at pH 5 and 6, which lead us to the 
conclusion that these pH values are appropriate 
for metal coordination. 
CONCLUSION 
This study represent a first step in elucidation 
of the absorption mechanism of metal ions from 
aqueous solution by brewer yeast. Thus, the 
preliminary results lead to the conclusion that 
free amino acids, above other constituents from 
yeast, could be involved in metal biosorption. This 
process is strongly dependent on experimental 
conditions, especially on pH level, as it is known 
that each metal ions have characteristic pH limits 
for coordination with different organic ligands.
For this study it could be concluded that for Cu, 
Zn and Pb, the optimal pH interval for complexation 
is between five and six. Above this value appear 
the possibility of Pb salts precipitation.
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